Family list 

9 family members for: 
CN 1178394 

Derived from 6 applications. 

1 Solar cell module 

Publication info: CN1095597C C - 2002-12-04 

CN1178394A - 1998-04-08 

2 Solar cell module 

Publication info: DE69731799D Dl - 2005-01-05 

3 Solar cell module 

Publication info: EP0829909 A2 - 1998-03-18 

EP0829909 A3 - 1998-10-14 
EP0829909 Bl - 2004-12-01 

4 SOLAR CELL MODULE 

Publication info: JP10093124 A - 1998-04-10 

5 Solar cell module 

Publication info: US6323416 Bl - 2001-11-27 

6 SOLAR CELL MODULE 

Publication info: US2001054437 Al - 2001-12-27 



Data supplied from the esp@cenet database - Worldwide 




[12] 




[211 97118521.2 



[51]Int.Cl 6 

H01L 31/048 
H01L 31/042 



143|^?FB 1998 #4^89 

I22|*«a 97.9.12 

I30|«5fe« 

(32196.9.12 [33JJP[31l242399 / 96 



[11) CN 1178394A 

R1A I^cH'J 



ftWK** 3 Iff 19 jff HtBlSlfc 5 Jt 



[57]»* 

cHp*iBiB*.fiMt*iBi8fc**>, ttftfe^sfr 



fill 



I ■ ■ 

jj J ■ 





(BJ)H 1456 



(19) 




EuropSlsches Patentamt 
European Patent Office 
Office europ6en des brevets 





(11) 



EP 0 829 909 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

18.03.1998 Bulletin 1998/12 

(21) Application number: 97115821.7 

(22) Date of filing: 11 .09.1997 



(84) Designated Contracting States: 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU NIC 
NL PT SE 

Designated Extension States: 
AL LT LV RO SI 

(30) Priority: 12.09.1996 JP 242399/96 



(51) Int. CI. 6 : H01L 31/042, H01L 31/048, 

E04D 13/18, F24D5/00 



(71) Applicant: 

CANON KABUSHIW KAISHA 
Tokyo (JP) 

(72) Inventors: 

• Komori, Ayako 
Ohta-ku, Tokyo (JP) 



Mori, Takahiro 
Ohta-ku, Tokyo (JP) 
Kataoka, Ichiro 
Ohta-ku, Tokyo (JP) 
Yamada, Satoru 
Ohta-ku, Tokyo (JP) 
Shiotsuka, Hidenorl 
Ohta-ku, Tokyo (JP) 



(74) Representative: 

Pellmann, Hans-Bernd, Dipl.-lng. et al 
PatentanwaltsbOro 
Tiedtke-BGhling-Kinne & Partner 
Bavariaring 4 
80336 Munchen (DE) 



(54) Solar cell module 

(57) A solar cell module includes a substrate, a 
photo-electricity generating device (i.e., a solar cell or a 
block of solar cells), a filler resin sealing the photo-elec- 
tricity generating device on the substrate, and a surface 
film covering the filler resin. An insulating film is inserted 
between the photo-electricity generating device and the 
substrate so as to be inside the substrate, and an inor- 
ganic fibrous sheet is inserted between the photo-elec- 



tricity generating device and the surface film so as to be 
disposed inside the insulating film. The substrate is bent 
at a portion thereof free from the insulating film. The 
solar cell member thus provided can exhibit a long-term 
reliability for outdoor use because of effective suppres- 
sion of intrusion of moisture thereinto. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

5 The present invention relates to a solar cell module including a photo-electricity generating device (i.e., a solar cell 

or a block of solar ceils) fixed with a resin onto a substrate and covered with a surface film. More specifically, the present 
invention relates to a solar cell module having an excellent inflammability and an excellent moisture resistance and also 
a bent structure suitable for assembly. 

Hitherto, a type of solar cell module including a photo-electricity generating device fixed onto a substrate with a 
w resin and covered with a surface film has been known. As the resin, EVA (ethyl ene-vinyl acetate copolymer) has been 
widely used. As the surface film, it has been known to use a film of a fluorine-containing resin, such as tetraf luoroethyl- 
ene-ethylene copolymer or polyvinyl fluoride, or a transparent fluorine-containing polymer film formed by coating with a 
fluorine-containing resin paint. 

Such a solar cell module having a fluorine-containing polymer as a light-incidence side surfacemost coating mate- 
rs rial has an inferior scratch resistance than a solar cell module comprising a glass substrate as a light-incidence side 
surface material. Accordingly, it has been known to incorporate an inorganic fibrous sheet such as non-woven glass 
fiber cloth, within an organic polymeric resin as a filler to form a surface coating material. 

However, in case where the inorganic fibrous sheet such as glass fiber is exposed to an edge of the solar cell mod- 
ule, external moisture is liable to intrude to lower the electrical insulation or cause a peeling of the laminated module 
20 and provide an inferior appearance. This is presumably because the inorganic f forous sheet comprising, e.g.. glass fiber 
and the filler resin impregnating the glass f foer have a low adhesion with each other so that the moisture intrudes along 
the glass fiber. 

As a countermeasure, it has been proposed to prevent the exposure of the glass f toer material to an edge of the 
solar cell modulate or to use a glass fiber material having less end portions. For example, Japanese Patent Publication 

25 (JP-B) 62-33756 has disclosed a solar cell module wherein a glass fiber sheet material with little end portion is disposed 
on both sides of a solar cell and the end portion thereof is sealed within a filler resin. 

Thus, JP-B 62-33756 has proposed to use a long-fiber glass fiber material having little end portion selected from 
limited materials, such as continuous strand mat, glass cloth and rolling cloth. No consideration has been exercised 
regarding insulation between the solar cell and the substrate on which the solar cell is disposed. 

30 Japanese Laid-Open Patent Application (JP-A) 7-288333 has disclosed a solar cell module wherein a light-trans- 
missive non-woven doth (glass fiber cloth) in contact with a solar cell is disposed inside of edges of the solar cell mod- 
ule, and an insulating film is disposed between the solar cell and the module substrate. However, the insulating film is 
disposed to protrude out of the module substrate, and no consideration has been paid to bending of the module sub- 
strate. 

35 In case where a substrate of a solar cell module including a solar cell sealed with a filler resin on a substrate and 
a surface film coating the filler resin is bent, a stress is applied to the filer material and the surface film at the bent por- 
tion to cause a peeling. In a conventional solar cell module having such a structure, a lowering in electrical insulation is 
inevitably caused when used outdoors for a long period even if the end portion of the glass fiber is prevented from being 
exposed at the edge of the module and a silane coupling agent is applied to the glass fiber and the surface film. 

40 

SUMMARY OF THE INVENTION 

A principal object of the present invention is to provide a solar cell module capable of effectively suppressing the 
moisture intrusion into the interior of the solar cell module even in a long period of outdoor use. 
45 According to the present invention, there is provided a solar cell module, comprising: a substrate, a photo-electricity 
generating device, a filler resin sealing the photo-electricity generating device on the substrate, and a surface film cov- 
ering the filler resin; wherein 

an insulating film is inserted between the photo-electricity generating device and the substrate so as to be inside 
so the substrate, 

an inorganic fibrous sheet is inserted between the photo-electricity generating device and the surface film so as to 
be disposed inside the insulating film, and 

the substrate is bent at a portion thereof free from the insulating film. 

55 These and other objects, features and advantages of the present invention will become more apparent upon a con- 
sideration of the following description of the preferred embodiments of the present invention taken in conjunction with 
the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 A illustrates members constituting a solar cell module according to the invention with their relative sizes, 
and Figure 1 B is a sectional view of the solar cell module showing the members in a laminated form. 
5 Figure 2 is a sectional illustration of a photo-electricity generating device (solar cell) incorporated in the solar cell 

module shown in Figures 1 A and 1 B. 

Figure 3 is a sectional illustration of solar cell modules according to the invention assembled in series. 
Figures 4A and 4B are views corresponding to Figures 1 A and 1 B, respectively, for illustrating another embodiment 
of the solar cell module according to the invention. 
10 Figures 5A - 5C illustrate an embodiment of the roofing member according to the invention. 
Figure 6 illustrates an embodiment of the ventilation apparatus according to the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

is Figures 1 A and 1 B illustrate an embodiment of the solar cell module according to the present invention. Referring 
to these figures, the solar cell module includes a photo-electricity generating device (i.e., a solar cell or a block of solar 
cells) 101 , an inorganic fibrous (sheet) material 1 02, a filler resin 103, a surface film 1 04, an adhesive 105, an insulating 
film 106 and a substrate 107. These members are stacked in the order illustrated in Figure 1 A and formed into a solar 
cell module having a laminate sectional structure as shown in Figure 1 B. 

20 In a preferred embodiment, the relative areal (or planar) sizes of the respecptive members may be set as follows. 
The inorganic f torous sheet 102 is set as follows. The inorganic fibrous sheet 102 is larger than the photo-electricity 
generating device 101 so as to cover the photo-electricity generating device 101 . The insulating film 1 06 has an almost 
identical size as the adhesive 105 and is larger than the inorganic fibrous sheet 102. The substrate 107, the filler resin 
103 and the surface film 104 have almost identical sizes and are larger than the insulating film 106. The filler resin 103 

25 and the surface film 104 may be somewhat larger than the substrate 1 07 so as to cover edges of the substrate 107. 

As the inorganic fibrous sheet 1 02 is disposed inside the edge(s) of the insulating film 1 06 together with a bent sub- 
strate structure as described hereinafter, it becomes possible to provide a solar cell module free from moisture intrusion 
even after a temperature-humidity cycle test and a long period of outdoor use, thus providing a reliable solar cell module 
free from a lowering in electrical insulation performance. 

30 Hereinbelow, details of the respective members will be described. 

Inorganic fibrous sheet 102 

The inorganic f torous sheet 102 may preferably be larger in planar size than the photo-electricity generating device 

35 101. The inorganic fibrous sheet 102 has a function of promoting degassing from the module laminate at the time of 
preparation thereof by lamination. If it is smaller than the photo-electricity generating device, the cell cannot be suffi- 
ciently prevented from an external impact, and the degassing from the module at the time of lamination is liable to be 
insufficient to leave bubbles within the module. 

It is also preferred that the inorganic fibrous sheet 102 is smaller in planar size than the substrate 107 and not 

40 extended up to the edge of the module. If the inorganic f torous sheet 1 02 is identical or larger in size than the substrate 
107 so as to be exposed to the module edge, external moisture is caused to intrude into the module, along the ffoer, 
thereby promoting the deterioration or peeling of the coating material. Further, as a result of the moisture intrusion, the 
electrical insulation between the inner portion and the exterior This is because the inorganic f torous sheet 102 and the 
filler resin 1 03 show a rather weak adhesion therebetween so that the boundary therebetween is liable to provide a flow 

45 path and the moisture is caused to intrude along the inorganic sheet 102. Further, even if the inorganic f torous sheet 
102 does not reach the module edge, if the inorganic fforous sheet 102 continually extends from above the photo-elec- 
tricity generating device 1 01 to the substrate 107, moisture can migrate along the inorganic fibrous sheet 1 02 to provide 
an electrical continuation between the substrate 107 and the photo-electricity generating device 101, thus failing to 
ensure the electrical insulation in some cases. 

so Further, it is preferred that the inorganic fibrous sheet 1 02 is smaller than the insulating film 1 06 rather than having 
an identical size as the insulating film 106. Hitherto, the surface film 104 and the filler resin 103 can have caused a 
remarkable degree of buckling after the bending to result in a peeling or a crack at the bend, thereby causing moisture 
intrusion therethrough. According to the present invention, the inorganic fibrous sheet 102 liable to provide a moisture 
migration path is formed in a smaller size than the insulating film 106 so that, even when the substrate 107 is bent at a 

55 position closer to the photo-electricity generating device 101 and outside the insulating film 106, it becomes possible to 
remarkably reduce the possibility that the moisture possibly penetrating through the portion reaches the photo-electric- 
ity generating device 101 , thus providing an improved long-term reliability. If it is possible to bend the substrate 109 at 
a position closer to the photo-electricity generating device 101 , the solar cell module according to the present invention, 
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when used as a roofing sheet member, can include the photo-electricity generating device fully up to the working width 
of the roofing sheet, so that a smaller number of roofing sheets can generate a sufficient amount of electric power. 

The adhesion between the inorganic fibrous sheet 102 and the filler resin 103 can be remarkably increased if one 
or both of them are surface-treated with a silane coupling agent. However, the effect of the treatment has a certain limit, 

5 and the surface-treating effect can be deteriorated to result in a lower adhesion after a long-term outdoor exposure or 
a temperature-humidity cycle test corresponding thereto. 

A solution to this problem given by the present invention is to dispose the inorganic fibrous sheet 1 02 in a smaller 
size than the insulating film 106. As a result, a portion of the adhesive layer 1 05 bonding the solar cell 1 01 and the insu- 
lating film 1 06 can directly contact the filler resin 103 without intermediate the inorganic fibrous sheet 1 02. This provides 

10 an improved packaging effect for the photo-electricity generating device 101 , and prevents the formation of a moisture 
migration path connecting the photo-electricity generating device 101 and the substrate 107, thus ensuring an electrical 
insulation even after a long-term outdoor use or a temperature-humidity cycle test corresponding thereto. Further, it is 
also possible to prevent the generated electricity from being leaked to the exterior and provide a solar cell module with 
an improved safety in actual use. 

is Further, as the inorganic fibrous sheet 102 and the insulating film 106 are prevented from being present at the 
bending portion, the bending becomes easier, and the occurrence of inferior appearance, such as turbidity at the bend, 
can be suppressed. 

The inorganic fibrous sheet 1 02 used in the present invention is required in order to reduce the amount of the filler 
resin, provide an improved scratch resistance and provide an improved non-f lammability. Further, in the case of a large- 
20 sized solar cell module of roofing-type or wall installation-type, the inorganic fibrous sheet 102 is very effective for de- 
aeration within the module at the time of lamination. 

The inorganic fibrous sheet 102 may suitably comprise various non-woven glass fiber cloth without particular limi- 
tation. It is preferred to use an acrylic resin as a binder for binding individual glass fibers. It is further preferred to sur- 
face-treat the inorganic fibrous sheet with a silane coupling agent. 
25 The inorganic fibrous sheet 102 may preferably have a thickness of 1 50 - 450 \\m and comprise glass fiber having 
a fiber diameter in a range of 5 - 1 5 ^m. 

Filler resin 103 

30 The filler resin 1 03 is used to coat the unevennesses of the photo-electricity generating device 101 and protect the 
cell from severe environmental conditions, such as a temperature change, a humidity and an impact while ensuring the 
adhesion between the cell 1 01 and the surface film 1 04. Accordingly, the filler resin is required to exhibit weatherability, 
adhesivenness. filler characteristic, heat-resistance, cold-resistance, and impact resistance. Examples of resins satis- 
fying such requirements may include: polyolefin-type resins, such as ethylene-vinyl acetate copolymer (EVA), ethylene- 

35 methyl acrylate copolymer (EM A), ethylene-ethyl acrylate copolymer, and polyvinyl butyral resin, urethane resin, sili- 
cone resin, and fluorine-containing resin. Among these, EVA has well-balanced properties for use in solar cells and may 
be preferably used. 

The filler resin 103 may provide a thin filler resin portion where the inorganic fibrous sheet 102 is not present at a 
non-elasticity-generating region when the solar cell 1 01 is not present The thickness of the thin-filler resin portion com- 

40 prising the filler resin 1 03 but no inorganic fibrous sheet 1 02 may preferably be smaller than that of a layer including the 
filler resin 103 and the inorganic fibrous sheet 102 at an electricity-generating region. The module substrate 107 may 
desirably be bent at the thin-filler resin portion. 

The filler resin 103 in its straight form has a rather low heat-distortion temperature and can readily cause distortion 
or creeping at an elevated temperature, so that it is preferred to crosslink the filler resin so as to provide an enhanced 

45 heat resistance. EVA may generally be crosslinked in the presence of an organic peroxide. Crosslinking with an organic 
peroxide may be initiated by extraction of a hydrogen or chlorine atom from a resin by a free radical generated from the 
organic peroxide to form a C-C bond. The organic peroxide may be activated by thermal decomposition, redox decom- 
position or ionic decomposition. Thermal decomposition is generally preferred. Examples of the organic peroxide struc- 
tures may include: hydroperoxide, dialkyl (ally!) peroxide, diacyl peroxide, peroxyketal. peroxyester, peroxy carbonate 

so and ketone peroxide. The organic peroxide may be used in 0.5 - 5 wt parts per 1 00 wt. parts of the filler or sealing resin 
103. 

These organic peroxides may be used in mixture with the filler resin to effect crosslinking and heat-pressure bond- 
ing under heat and pressure in vacuum. The heating temperature and time may be determined depending on the ther- 
mal decomposition temperature characteristic of the organic peroxide used, but the heating and pressure application 
55 may be generally completed at a temperature and for a period sufficient to cause at least 90 %, more preferably at least 
95 %, of the decomposition. 

The crosslinking of the filler resin may generally be determined by measuring a gel content given by the following 
equation: 
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Gel content (wl. %) = [Insoluble resin weight/Original resin weight] x 100. 

More specifically, when a filler is extracted for, e.g., 6 hours with a solvent, such as xylene, in an amount of, e.g., 
100 ml per g (gram) of the filler at a boiling point of e.g., 135 - 145 °C only the non-crosslinked sol portion can be dis- 
5 solved to leave an insoluble gel content. Accordingly, a gel content of 100 % means the completion of crosslinking. The 
sample remaining after the extraction may be recovered to evaporate the xylene therefrom, e.g., at 85 °C for 6 hours to 
selectively recover an insoluble gel matter. A gel content may be calculated by substituting the insoluble matter weight 
and the original sample weight into the above equation. 

In order to effectively prevent a distortion of the filler resin at an elevated temperature, the filler resin may preferably 
w have a gel/content as measured in the above-described manner of at least 70 wt. %. 

In order to effectively cause the crosslinking reaction, it is also possible to use a crosslinking agent, such as trialryl 
isocyanurate (TAIC), in an amount of ordinarily 1 - 5 wt. parts per 100 wt. parts of the filler or sealing resin. 

The filler resin as specifically mentioned above generally has excellent weatherability but can further contain an 
ultraviolet absorber for further improved weatherability or for protection of lower layers. The ultraviolet absorber may 
is comprise a known compound but may preferably a low-volatility ultraviolet absorber in view of the service environment 
of the solar cell module. Specific examples thereof may include ultraviolet absorbers of the benzophenone-type, ben- 
zotriazole-type and cyanoacrylate-type. 

The addition of a light stabilizer together with an ultraviolet absorber may provide a further light-stable filler resin. 
Representative light-stabilizers may include: hindered amine-type light stabilizers. A hindered amine-type light stabilizer 
20 does not absorb ultraviolet rays but exhibits a synergistically stabilizing effect when used in combination with an ultra- 
violet absorber. Other light stabilizers may also be used but may not be as preferred as the hindered amine-type light 
stabilizer because many of them are colored. 

The above-mentioned ultraviolet absorber and light-stabilizer may preferably be used in proportions of 0.1 - 1 .0 wt. 
% and 0.05 - 1 .0 wt. %, respectively, of the filler resin. 
25 The filler resin can further contain an antioxidant in order to improve the heat resistance and the thermal process- 
ability The antioxidant may be of the mono-phenol type, bis-phenol type, polymeric phenol type, sulfur type and phos- 
phoric acid type. Such an anti-oxidant may preferably be added in 0.05 - 1.0 wt. % of the filler resin 

In case where the solar cell module is used in a severe environment, it is preferred to enhance the adhesion of the 
filler resin 103 with the surface film 104 and/or the lower layers including the inorganic fibrous sheet 102. For this pur- 
30 pose, it is effective to use a silane coupling agent. Specific examples of the silane coupling agent may include: vinyl- 
trichlorosilane, vinylfris(0-methoxyethoxy)silane p vinyltriethoxysilane, vinyitrimethoxysilane, y- 
methaayloxyprppyltrimethoxysilane, p-(3,4-epoxycyclohexyl)ethyrtrimethoxysilane. rglycidoxypropylmethyldiethoxy- 
silane. N-p(aminoethyl)-y-aminopropyrtrimethoxysilane, N-p(aminoethyO-raminopropylmethyldimethoxysilane, y-ami- 
nopropyltriethoxysilane, N-phenyl-y-aminopropyrtrimethoxysilane, y-mercaptopropyltrimethoxysilane, and y- 
35 chloropropyttrimethoxysilane. 

Such a silane coupling agent may preferably be added in an amount of 0.1 - 3 wt. parts, more preferably 0.25 - 1 
wt. parts, per 100 wt. parts of the filler resin. 

On the other hand, in order to minimize the attenuation of light quantity reaching the photo-electricity generating 
device 101, the filler resin 103 has to be essentially transparent. More specifically, the filler resin 103 may desirably 
40 show a transmittance of at least 80 %. preferably at least 90 %, for a visible wavelength region of 400 - 800 nm. Further, 
for allowing easy incidence of light through the atmosphere, the filler resin 103 may preferably have a refractive index 
at 25 °C of 1 .1 - 2.0, more preferably 1 .1 - 1 .6. 

The filler resin 103 may preferably be provided in a sheet form having a thickness sufficient to provide an amount 
which is, e.g., 7 - 23 times that of the inorganic fibrous sheet 102 for an identical planar size. 
45 Some EVA sheets for solar cells prepared by forming EVA containing additives as described above into sheets are 
already commercially available. Examples of the commercially available EVA sheets for solar ceils may include "SOLAR 
EVA" available from Hi-Sheet Kogyo K.K., "EVASAFE WG Series" available from Bridgestone K.K. and "PHOTOCAP" 
available from Springborn Laboratories, Inc. A commercially available EVA sheet of these suppliers may be inserted 
between a surface film and an inorganic fibrous sheet covering a photo-electricity generating device and pressed under 
so heating to easily provide a solar cell module. 

Surface film 1P4 

The surface film 104 constitutes a surface-most layer of the solar cell module according to the present invention 
55 and accordingly is required to exhibit performances ensuring a long-term reliability for outdoor exposure of the solar cell 
module, including transparency, weatherability, stain resistance and mechanical strength. The material suitably used in 
the present invention may comprise white sheet reinforced glass, a fluorine-containing resin film or acrylic resin film. 
The white sheet reinforced glass has a high transparency, is impact-containing resin film or acrylic refine film. The white 
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sheet reinforced glass has a high transparency, is impact-resistant and is not readily broken, so that it has been widely 
used as a surfacing materia! for a solar cell module. 

Recently, however, a module is required to be light and flexible in many cases. In such cases, a film surface mem- 
ber is used. Among others, a fluorine-containing resin film may preferably be used because of excellent weatherability 

5 and stain resistance. Specific examples of the fluorine-containing resin may include polyvinylidene fluoride resin, poly- 
vinyl fluoride resin and tetrafluoro-ethyiene-ethylene copolymer. Polyvinylidene fluoride is excellent in weatherability, 
and tetrafluoro-ethyiene-ethylene copolymer is excellent in harmonization of weatherability and mechanical strength 
and transparency. The surface film should have a certain thickness in order to ensure a mechanical strength and should 
not be too thick in view of the production cost. The thickness may preferably be 20 - 200 urn, more preferably 30-100 

10 jim. 

In order to improve the adhesion with the filler resin 1 03, one surface (non-exposed surface) of the surface film may 
preferably be subjected to corona treatment, plasma treatment ozone treatment, irradiation with UV rays, irradiation 
with electron rays, or flame treatment. Among these, the plasma discharge treatment is especially suitably used 
because of a large processing speed and a remarkable improvement in adhesion by using a relatively simple appara- 

15 tUS. 

Adhesive 105 

The adhesive (layer) 105 used on a light non-receiving side of the module may comprise a material similar to that 
of the filler resin 1 03 disposed on the light receiving side. As shown in Figures 1 A and 1 B, the adhesive layer 1 05 may 
desirably be disposed in a smaller area than the filler resin 1 03, so that the bending portion of the module is caused to 
have a smaller thickness to facilitate the bending operation and provide an improved non-f lammability. 

The adhesive layer 105 disposed on the light non-receiving side is rather required not to result in a towering in 
adhesion of the photo-electricity generating device 101 with the insulating film 106 and the substrate 107 when sub- 
jected to light and heat, outdoor use or a temperature-humidity cycle test than the non-coloration characteristic when 
subjected to light, heat, etc. required on the light receiving side. 

In case where a coated galvanized sheet steel coated with an organic polymer and having excellent weatherability 
and rust resistance is used as a substrate 107, it particularly shows a weak adhesion and leaves a problem regarding 
long-term reliability. The coating organic polymer may comprise, e.g., polyolefin-based resins, such as ethylene-vinyl 
acetate copolymer (EVA), ethylene-methyl acrylate copolymer (EMA), ethylene-ethyi acrylate copolymer (EEA). poly- 
ethylene and butyral resin, urethane resin, silicone resin, and flexible epoxy resin adhesive In such a case, it is preferred 
to apply on the polymer coating an adhesive as follows. 

Thus, preferred example of the adhesive used for this purpose may include: polyolefin-based resins such as ethyl- 
ene-vinyl acetate copolymer (EVA), ethylene-methyl acrylate copolymer (EMA), ethyl ene-ethyl acrylate copolymer 
(EEA), and butyral resin, urethane resin, and silicone resin, blended with a tackrfier resin, examples of which may 
include: coumarone-indene resin, phenol -formaldehyde resin, polypentene resin, xylene-formaldehyde resin, poly- 
butene, rosin, rosin-pentaerythritol ester, rosin-glycerin ester, hydrogenated rosin, hydrogenated rosin methyl ester, 
hydrogenated rosin pentaerythrhol ester, hydrogenated rosin Methylene glycol ester, polymerized rosin ester, aliphatic 
petroleum resin, alicyclic petroleum resin, synthetic polyterpene, pentadiene resin, a-pinene, p-pinene, dipentene res- 
ins, and terpene-phenol resin. 

The adhesive layer 105 may be in a thickness of, e.g., 200 \*xr\ or larger. 

Insulating film 106 

45 The insulating film 106 is required to ensure electrical insulation between the electroconductive substrate of the 
photo-electricity generating device 101 and the exterior. The insulating film 106 is disposed so as not to be present at 
the bending portion of the substrate, thereby suppressing a stress occurring at the bending portion and preventing the 
occurrence of ugly white turbidity at the bending portion. This is also effective for providing the resultant module with an 
improved weatherability. The insulating film 1 06 may preferably comprise a material which ensures a sufficient electrical 

so insulation of the electroconductive substrate, has long-term durability durable against thermal expansion and thermal 
shrinkage, and is flexible. Suitable examples of the film material may include: nylon, polycarbonate and polyethylene 
terephthalate. The insulating film 1 06 may preferably have a thickness sufficient to provide a dielectric withstand voltage 
of at least 10 kV, e.g.. ca. 50 urn or larger for a polyethylene terephthalate film. In order to simplify the lamination proc- 
ess, it is possible to use a laminate sheet prepared in advance and including an insulating film 106 and adhesive layers 

55 1 05 as described above laminated on both sides of the insulating film 1 06. 
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SMbstr^e 107 

The substrate 1 07 is required to ensure a mechanical strength of the solar cell module and prevent the occurrence 
of strain or warp of the module caused by a temperature change. More specifically, the substrate 107 may preferably 

5 comprise a steel sheet, a plastic sheet or an FRP (fiber-reinforced plastic) sheet. Particularly, a module having a steel 
sheet substrate 107 has excellent processability, such as bendability, and can be formulated into a product without 
including a further step of frame attachment as has been exercised heretofore. The module can constitute a solar cell 
module integrated with a roofing member or a walling member. This is very advantageous for reducing the production 
cost and simplifying the production step. Further, by using a steel sheet coated with an organic polymer resin as the 

w substrate, it is possible to provide a highly reliable solar cell module excellent in weather resistance and rust resistance. 
By forming the substrate 1 07 in a size larger than any other layers forming the module except for the filler resin layer 
103 and the surfacemost transparent film 104 disposed on the light-receiving side, it is possible to provide a solar cell 
module with a readily bendable peripheral portion. As a result, the resultant solar cell module is provided not only with 
an excellent initial appearance but also with excellent appearance free from peeling or whitening at the bend even after 

is a long-term outdoor use, thus realizing a highly reliable solar cell module. In case where a flexible solar cell module is 
required, the substrate 107 may comprise a plastic film. 

Photo-electricitv ge nerating device 101 

20 The photo-electricity generating device 101 may comprise, e.g., a crystalline silicon solar cell, a poly-crystalline sil- 
icon solar cell, an amorphous silicon solar cell, or a compound semiconductor solar cell comprising, e.g., copper- 
indium-selenide, and need not be particularly limited. Figure 2 is a sectional illustration of such a solar cell including a 
semiconductive photoactive layer (photoconversion member) and a transparent conductor layer. Referring to Figure 2, 
a solar cell includes an electroconductive substrate 201 , a back-side reflection layer 202, a semiconductive photoactive 

25 layer 203, a transparent conductor layer 204, a collector electrode 205, and an output terminal 206. 

The electroconductive substrate 201 constitutes a substrate of the solar cell and also functions as a lower elec- 
trode. The substrate 201 may comprise, e.g., silicon, tantalum, molybdenum, tungsten, stainless steel, aluminum, cop- 
per, titanium, carbon sheet, lead-plated steel sheet, or a film or ceramic provided with an electroconductive layer. The 
electroconductive substrate 201 may be provided with a back-side reflection layer 202 which may comprise a metal 

30 Isyer, a metal oxide layer, or a laminate of a metal layer and a metal oxide layer. The metal layer may comprise, e.g.. Ti, 
Cr, Mo, W, Al. Ag or Ni. The metal oxide layer may comprise, e.g., ZnO, Ti0 2 or Sn0 2 . The metal layer and metal oxide 
layer may be formed by, e.g., resistance-heating evaporation, electron-beam evaporation, or sputtering. 

The semiconductive photoconductive layer 203 is a layer for effecting photo-electric conversion. The layer 203 may 
comprise, e.g., pn-junction polycrystalline silicon, pin-junction amorphous silicon, or a compound semiconductor, such 

35 as CulnSe 2 . CulnS. GaAs. CdS/Ci^S, CdS/CdTe. CdS/lnP, or CdTe/Cu 2 Te. The semiconductive photoactive layer 203 
may for example be formed by formation into sheet of fused silicon or heat treatment of amorphous silicon in the case 
of polycrystalline silicon; by plasma CVD process for amorphous silicon; or by ion plating, ion beam deposition, vacuum 
evaporation, sputtering or electro-deposition. 

The transparent conductor layer 204 functions as an upper electrode of the solar cell and may comprise, e.g., 

40 ln 2 0 3 , Sn0 2 . IngO^-SnO^ (ITO). ZnO. Ti0 2 , Cd 2 Sn0 4 or crystalline semiconductor doped with a high concentration of 
impurities. The transparent conductor layer may be formed by resistance-heating evaporation, sputtering, spraying, 
CVD process, and impurity diffusion. 

For effective current collection, the transparent conductor layer 204 may be provided with a grid-shaped collector 
electrode 205 (grid), which may comprise, e.g., Ti, Cr, Mo, W. Al, Ag, Ni, Cu, Sn, or an electroconductive paste, such 

45 as silver paste. The collector electrode 205 may be formed by, e.g.. sputtering, resistance-heating evaporation or CVD 
through a mask pattern, formation of a uniform metal film by vapor-deposition followed by etching of unnecessary por- 
tions for patterning, direct formation of the grid electrode pattern by photo-CVD, plating through a negative pattern mask 
for the grid electrode pattern, or printing of an electroconductive paste. The electroconductive paste may ordinarily com- 
prise fine powder of silver, gold, copper, nickel or carbon dispersed within a binder polymer. The binder polymer may 

so comprise, e.g.. polyester, epoxy resin, acrylic resin, alkyd resin, polyvinyl acetate, rubber, urethane resin or phenolic 
resin. 

Finally, an output terminal 206 for taking out the electromotive force may be affixed to the electroconductive sub- 
strate 201 and the collector electrode 205 by bonding a metal member 207, such as a copper tab. by spot welding, sol- 
dering or application of electroconductive paste. 
55 Although, a rather simple solar cell structure has been described with reference to Figure 2, a solar cell 101 can 
have a more complicated structure, e.g., one including a plurality (two or three or more) semiconductive photoactive lay- 
ers in lamination for effective photo-electric conversion. 

A plurality of solar cells prepared in the above-described manner may be connected in series or in parallel to form 
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a block of solar cells so as to provide a desired voltage or current. Alternatively, it is also possible to integrate solar cells 
on an insulated substrate to provide a desired voltage or current 

Process for preparation of a solar cell module 

5 

Hereinbelow, a process for producing a solar cell module by using a photo-electricity generating device 101, an 
inorganicfibrous sheet 12, a filler resin (layer or sheet) 103. a transparent surface film 104, adhesive layers 105, a insu- 
lating film 106 and a substrate 107 as described above. 

In a conventional solar cell module production process, a sequence has been generally adopted such that a sheet- 

10 form filler resin 1 03 is disposed on both surfaces of a photo-electricity generating device 101. and the resultant laminate 
is subjected to heat-pressure bonding. 

In contrast thereto, the solar cell module according to the present invention typically has a laminate structure as 
shown in Figures 1 A and 1 B. Thus, a stacked structure including a photo-electricity generating device 1 01 , an inorganic 
fibrous sheet 102, a filler resin sheet 103. a surface film 104. adhesive layers 105, an insulating film 106 and a substrate 

75 107 stacked in the order shown in Figure 1 A or in a reverse order, may be subjected to bonding under application of 
heat and pressure. The order having the surface film 1 04 on top as indicated in Figure 1 A is preferred because it allows 
a sufficient coverage of the solar cell 101 with a smaller amount of the filler resin 103. 

The heating temperature and time for the pressure bonding may be determined so as to cause a sufficient degree 
of crosslinking in the filler resin 103. 

20 The heat-pressure bonding may be performed by appropriate selection of a double-vacuum ejection system, a sin- 
gle-vacuum ejection system or a roller lamination system, which per se are known heretofore. The heat-pressure bond- 
ing by the single-vacuum evacuation system is particularly preferred because it allows easy preparation of a solar cell 
module by using an inexpensive apparatus. 

In case where the substrate 107 comprises a metal sheet, the module sheet after the above-mentioned lamination 

25 step may be subjected to bending of a peripheral marginal portion thereof by a bending machine or a roller forming 
machine to provide a bent edge structure, e.g., as shown in Figure 1 B. suitable for a roofing member or a wall member. 
Figures 5A - 5C show some embodiments of the roofing member according to the invention. More specifically. Figure 
5A shows a roofing member 500 having a ridge-side engagement part 501 and an eave-side engagement part 502 
which are engaged with each other in an adjacent pair of the members. Figure 5B shows a roofing member having 

30 engaging parts 505 slidably inserted along fixing guide rails 504 fixed on a roof sheathing 503. Figure 5C shows roofing 
members each having bent engagement parts 506 on both sides p.e„ in a similar structure as shown in Figure 1B), so 
that engagement parts 506 of an adjacent pair of roofing members are secured to each other by engaging them with a 
cap 507. Each roofing member is equipped with a photo-electricity generating device 500 on its light-receiving surface. 
By thinning the filler resin 1 03 at the bending portion, it becomes possible to effect a rather complex form of bending 

35 and also possible to obviate appearance abnormalities such as peeling and whitening. Further the solar cell module 
shown in Figure 1B forms a projecting region where a photo-electricity generating device 101 is disposed so that the 
device is not readily positioned in the shadow of the bent portion of the module, and the available sunlight time for the 
module in actual use can be increased to provide an increased electricity generation. 

40 A pplication to a ventilat ing apparatus 

Figure 6 illustrates an application of a solar cell-integrated roofing member to a ventilating apparatus for a house. 
In Figure 6, each arrow represents an air stream, and external air taken through eaves 601 flows through a space 604 
between a roofing 602 and a lower sheathing 603 and is taken into the house from a part 605 close to the ridge. Along 
45 the air path, a fan F is disposed to flow the air. The air warmed in the space 604 is taken into the house in a cold season, 
and discharged through an exhaust port 604 in a hot season to improve the insulation performance of the roof. A heat 
accumulation means can be disposed under the floor. 

Electricity generated in the solar cell-integrated roofing members 602 is introduced into the house through the 
ridge, converted by an inverter I and consumed by a load L The inverter I can be linked with a commercial power supply 
so system E. 

Hereinbelow, the present invention will be described based on Examples. 
Example 1 

55 Amorphous silicon (a-Si) solar cells each having a laminate structure as shown in Figure 2 were prepared and 
formed into a solar cell block as illustrated in Figure 3. The resultant solar cell block 401 was laminated with other mem- 
bers as shown in Figure 4A to form a solar cell module having a sectional structure as shown in Figure 4B. 
First of all, a solar cell was prepared in the following manner. 
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(1) On a cleaned stainless steel substrate 201 , a 500 nm-thick Al layer and a 500 nm-thick ZnO layer were sequen- 
tially formed by sputtering to provide a back-side reflection layer 202. 

(2) According to the plasma CVD process, a tandem-form a-Si photoelectric conversion semiconductor layer 203 
having a laminate structure of 15 nm-thick n-layer/400 nm-thick i-layer/10 nm-thick p-layer/10 nm-thick n-layer/80 

5 nm-thick i-layer/10 nm-thick p-layer by forming the n-type a-Si layer(s) from an SiH 4 -PH 3 -H 2 mixture gas, i-type a- 

Si layer from an SiH 4 -H 2 mixture gas and the p-type microcrystaliine (uC)-Si layer from an SiH 4 -BF 3 -H 2 mixture 
gas. 

(3) A transparent conductor layer 204 of 70 nm-thick ln 2 0 3 film was formed by evaporating In by the resistance 
heating method in an 0 2 atmosphere. 

w (4) A collector grid electrode 205 was formed by screen printing of silver pasta 

(5) A negative-side terminal 206b of copper tab was affixed onto the stainless steel substrate with a solder 207, and 
a positive-side terminal 206a in lamination with an insulating tape 208 was affixed onto the collector electrode 205 
with a solder 207, to complete the preparation of a solar cell. 

Then, a plurality of solar cells prepared through the above-mentioned steps (1) - (5) were connected in series 
75 to form a cell block having an external size of 300 mm x 1200 mm and thickness of 150 urn for the active area and 
450 um for the collector electrode part in a manner as will be described with reference to Figure 3. 

(6) Hie plurality of solar cells were arranged side by side and, for a pair of mutually adjacent solar cells, a positive- 
side terminal 305a of one cell and a negative-side terminal 305b of the other cell were connected, to each other 
with a copper tab 306 and a solder 308. In this way, a solar cell block including 5 solar cells connected in series was 

20 prepared. In this instance, a copper tab connected to the output terminal of the solar cell disposed at the edge was 
extended to a back side to be taken out of a hole formed in a back-side coating layer described later. 

The cell block prepared above was formulated in a laminate solar cell module in a manner as will be described 
below with reference to Figure 4. 

(7) A cell block 401 was sandwiched between an inorganic fibrous sheet 402, a filler resin sheet 403 and a trans- 
25 parent film disposed on a light-receiving side, and a back-side integral laminate film 405 and a substrate 406 dis- 
posed on a light non-receiving side to form a stacked structure including the members as shown in Figure 4A. 

(8) Then, the stacked structure was placed on a central part of a base plate in a single vacuum chamber-type lam- 
ination apparatus. The base plate was rectangular in shape and equipped with a frame-shaped perforated pipe 
aff ixed onto a part onto an upper surface along a periphery of the base plate so as to surround an inner space for 

30 accommodating the stacked structure. The perforated pipe was provided with perforations opened into the inner 
space and an exhaust port connected to a vacuum pump. The stacked structure was placed in the inner space on 
the base plate surrounded by the frame-shaped perforated pipe, so that the transparent film 404 was disposed on 
top, and then covered with a rectangular silicone rubber sheet having an areal size almost equal to that of the base 
plate so as to make the inner space accommodating the stacked structure vacuum-tight. 

35 (9) Then, the vacuum pump was operated to evacuate the inner space accommodating the stacked structure and 
such the rubber toward the base plate so as to press the stacked structure onto the base plate. At that time, the 
inner space was reduced in pressure at a rate of 76 Torr/sec. and then evacuated for 30 min. at 5 Ton-. 

(10) The base plate carrying the stacked structure covered with the rubber sheet was placed in a hot gas oven hav- 
ing an atmosphere of 150 °C stabilized in advance and was held for 30 min. at 150 °C after the plate temperature 

40 reached 150 °C, thereby melting and crosslinking the EVA of the filler resin sheet 403. 

(11) Thereafter, the base plate was taken out of the oven and cooled to ca. 40 °C by supplying air to the plate by a 
fan, when the evaluation was terminated. Then, the laminated structure constituting a solar cell module was taken 
out 

(12) An excess of the coating material extending out of the substrate was cut off along the edge of the substance, 
45 and edges along the longitudinal sides were bent. 

(13) An output terminal was preliminarily extended to the back surface of the cell block and, after the lamination, 
taken out of a terminal take-out hole preliminarily formed in the substrate (galverized steel sheet). 

A solar cell module in this Example was thus prepared through the above-mentioned steps (1) - (13). 

so Now, the explanation of the respective members 402 - 408 used for coating the cell block 401 to form the solar cell 
module of this Example will be supplemented. 

The inorganic fibrous sheet 402 disposed on the light-receiving side comprised 400 um-thick non-woven glass fiber 
sheet having a basis-weight of 80 g/m 2 , comprising glass ffoer of 10 um in diameter and containing 4.0 wt. % of binder 
acrylic resin. The inorganic fibrous sheet 402 had sizes larger than the cell block by 5 mm for each side. 

55 The filler resin sheet 403 comprised 100 wt. parts of ethylene-vinyl acetate copolymer (vinyl acetate content of 33 
wt. %, melt-flow rate - 30) (filler resin), 1 .5 wt. parts of 2,5-dimethyl-2,5-bis(t-butylperoxy)hexane (cross-linking agent), 
0.3 wt. part of 2-hydroxy-4-n-oclyloxybenzophenone (UV-absorber), 0.2 wt. part of tris(mono-nonylphenyl)phosphite 
(antioxidant), and 0.1 wt. part of (2,2.6,6-tetramethyl-4-piperidy0sebacate and was in the form of a 460 um-thick sheet. 
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The filler resin sheet was used in sizes which were larger than the cell block 401 by 90 mm for each side. 

The surface transparent film 404 comprised a 50 tim-thick non-stretched elhylene-terefluoroethylene film, and a 
surface thereof for adhesion with the filler resin sheet 403 was preliminarily subjected to a plasma treatment. The trans- 
parent surface film 404 had sizes larger than the cell block by 90 mm for each side. 

5 The back-side integrated laminate film 405 was laminate of an insulating film and adhesive layers. The adhesive 

layers included a 200 um-thick ethylene-ethyl acrylate layer (indicated as "EEA") and a 25 |im-thick polyethylene layer 
("PE"). and the insulating film was a 50 pm-thick biaxially stretched polyethylene terephthalate film ("PET"). These lay- 
ers were stacked in the order of EEA/PE/PET/PE/EEA to provide a totally 500 jmvthick integrated laminate film 407, 
which was larger than the cell block 401 by 15 mm for each side. 

10 The substrate 408 comprised a 400 jim-thick galvanized sheet steel (sheet steel plated with Al (55 %)/Zn (43.4 
%)/Si (1 .6 %) alloy) coated with a polyester paint on one surface and a glass fiber-added polyester paint on the other 
surface. The substrate sheet 408 was provided in sizes which were larger than those of the cell block 401 by 80 mm for 
each side. 

75 Example 2 

A solar cell module was prepared in the same manner as in Example 1 except that the back-side integrated lami- 
nate film was replaced by a laminate of EVA/PET/EVA (of 230 ^im/100 nm/230 urn), wherein EVA was a filler resin sheet 
same as in the filler resin sheet 403 disposed on the light-receiving side in the module of Example 1 and PET was the 
20 same as in Example 1 , except for their thicknesses. 

Example 3 

The solar cell module was prepared in the same manner as in Example 1 except for the following modifications. 
25 The sizes of the respective member were changed as follows. The inorganic f forous sheet 402 was larger by 1 5 mm 
for each side, the back-side integrated laminate film 405 was larger by 45 mm for each side, the substrate 406 was 
larger by 80 mm for each side, and the filler resin sheet 403 and the transparent film 404 were both larger by 90 mm for 
each side, respectively compared with the cell block 401 . 

30 Example 4 

The solar cell module was prepared in the same manner as in Example 1 except for the following modifications. 

A cell block in layer outer sizes of 300 mm x 2400 mm was prepared by increasing the number of solar cells con- 
nected in series. As the increase in cell block size made difficult the evacuation from the inside of the module, a 100 
35 ^m-thick inorganic fibrous sheet (basis weight = 20 g/m 2 , binder acrylic resin content = 4.0 %, glass fiber diameter = 1 0 
\im) in a size larger by the cell block by 5 mm for each side was inserted between the cell block and the back-side inte- 
grated laminate f ilm. 

Comparative Example 1 

40 

The solar cell module was prepared in the same manner as in Example 1 except that the sizes of the respective 
member were changed as follows. 

The substrate 406 was larger by 80 mm for each side, and the other members were respectively larger by 90 mm 
for each side/respectively compared with the cell block 401. 

45 

Comparative Example 2 

The solar cell module was prepared in the same manner as in Example 1 except for that the sizes of the respective 
member were changed as follows. 
so The inorganic fibrous sheet 402 was larger by 90 mm for each side, the back-side integrated laminate film 405 was 
larger by 15 mm for each side, the substrate 406 was larger by 80 mm for each side, and the filler resin sheet 403 and 
the transparent film. 404 were both larger by 90 mm for each side, respectively compared with the cell block 401 . 

Comparative Example 3 

55 

The solar cell module was prepared in the same manner as in Example 1 except that the sizes of the respective 
member were changed as follows. 

The inorganic fibrous sheet 402 was larger by 30 mm for each side, the back-side integrated laminate film 405 was 
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larger by 15 mm for each side, the substrate 406 was larger by 80 mm for each side, and the filler resin sheet 403 and 
the transparent film 404 were both larger by 90 mm for each side, respectively compared with the cell block 401 . 

Comparative Example 4 

5 

The solar cell module was prepared in the same manner as in Example 1 except that the sizes of the respective 
member were changed as follows. 

The inorganic fibrous sheet 402 was larger by 5 mm for each side, the back-side integrated laminate film 405 was 
larger by 90 mm for each side, the substrate 406 was larger by 80 mm for each side, and the filler resin sheet 403 and 
10 the transparent film 404 were both larger by 90 mm for each side, respectively compared with the cell block 401 . 

Comparative Example 5 

A solar cell module was prepared in the same manner as in Example 1 except for using a substrate of FRP (fiber- 
is reinforced plastic) instead of the substrate 406 of the coated galvanized sheet steel used in Example 1 . 

The solar cell modules prepared in the above-mentioned Examples and Comparative Examples were evaluated 
with respect to the following items and provided the results shown in Table 1 appearing hereinafter. 

(1) Initial appearance 

20 

The appearance of each solar cell module immediately after the preparation in sheet form and before bending was 
evaluated with eyes according to the following standard. 

A: No defect at all in appearance 
25 B: Some defect in appearance but at a practically acceptable level. 

C: Evacuation failure. Remarkable defect in appearance, such as curvature of the module. 

(2) Appearance after bending 

30 The appearance of each module after the bending along longitudinal sides thereof was evaluated with eyes. The 
bending was performed in two ways, i.e., upward bending (bending at 90 deg. to the light-receiving side (as shown in 
Figure 1 B)) and downward bending (bending at 90 deg. to the light non-receiving side). The evaluation was performed 
according to the following standard. 

35 A: No defect at all in appearance 

B: Some defect in appearance but at a practically acceptable level. 
C: Remarkable defect in appearance, such as whitening and peeling. 

(3) High temperature-high humidity test 

40 

Each solar cell module was stored for 1000 hours in an environment of 85 °C/85 %RH and, after taking out, the 
appearance thereof was evaluated with eyes according to the following standard. 

A: No defect at all in appearance 
45 B: Some defect in appearance but at a practically acceptable level. 

C: Remarkable defect, such as peeling, discoloration or curvature of the module. 

Each module, two hours after the storage in the high temperature - high humidity test, was subjected to measure- 
ment to leakage current under a dry hi-pot condition (leakage current between the cell and the substrate under appli- 
50 cation of 2200 volts in a dry environment) and a wet hi-pot condition (leakage current for a module dipped in an 
electrolytic solution having a resistivity of 3000 ohm.cm under application of 2200 volts between the solar cell and the 
solution). The leakage current evaluations results are shown in Table 1 according to the following standard. 

A: < 1 uA, 
55 B: ^ 1 pA and < 50 *iA, 
C: s 50 uA. 
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(4) Temperature-humidity cycle test 

Each solar cell module was subjected to a temperature-humidity cycle test of 100 cycles each including storage at 
-40 °C for 1 hour and storage at 85 °C/85 %RH for 20 hours. 
5 After the cycle test, each solar cell module was evaluated with respect to the appearance and the measurement of 

leakage currents under the dry hi-pot condition and the wet hi-pot condition in the same manners and according to the 
same standards as after the high temperature - high humidity test described above. 

The results of the respective test are inclusively shown in the following Table 1 . 
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*1 : The module of Comp. Ex. 2 caused whitening after the downward bending. 
*2: The module of Comp. Ex. 2 was not bend able. 



The results of the above-mentioned test shown in Table 1 are supplemented as follows. 

40 

(1) All the solar cell modules according to Examples showed leakage currents of below 1 uA respectively after the 
high temperature - high humidity test and the temperature-humidity cycle test, thus ensuring a sufficient electrical 
insulation performance. Each module showed good appearance free from defects, such as evacuation failure or 
peeling, immediately after the preparation and the respective tests. Each module exhibited excellent bendability, 

45 thus showing excellent mass-productivity. Each module exhibited excellent non-f lammability and was found to be 
suppliciently applicable as a solar cell module for installation on the roof or wall. 

(2) The module of Comparative Example 1 wherein all the cooling members were extended to the edges of the sub- 
strate resulted in peeling and whitening after the bending. Further, as the glass fiber sheet was present up to the 
edge of the module, the module exhibited remarkably inferior electrical insulation in the measurement of leakage 

so current in the wet environment (the wet hi-pot condition) after the high temperature - high humidity test and the tem- 
perature-humidity cycle test. Further, as the back-side adhesive layers were also extended up to the edge, the mod- 
ule was liable to burn and was rejected by a combustion test. 

(3) The module of Comparative Example 2 wherein the non-woven glass fiber cloth was extended up to the sub- 
strate edge resulted in whitening at the bend after the downward bending. Further, the module exhibited remarka- 

55 bly inferior electrical insulation after the high temperature - high humidity test and the temperature - humidity cycle 
test. 

(4) The module of Comparative Example 3 wherein the non-woven glass fiber cloth was disposed in a large size 
then the back-side integrated insulating film resulted in good appearance free from any defects but exhibited 
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remarkably inferior electrical insulation after the high temperature - high humidity test similarly as in Comparative 
Example 1. 

(5) The module of Comparative Example 4 wherein the back-side integrated laminated film was extended up to the 
substrate edge, resulted in evacuation failure after the lamination presumably because the surface-side filler resin 

5 sheet of EVA and the back-side adhesive layer of the integrated laminate film were bonded in a substantial area 

without via the glass fiber non-woven cloth therebetween. Further, the module caused a peeling between the sub- 
strate and the adhesive layer at the bend after the high temperature - high humidity test and the temperature - 
humidity cycle test presumably because the stress given by the insulating film (PET) at the bend. 

(6) The module of Comparative Example 5 wherein an FRP was used as the substrate, did not allow bending. 

w 

Thus, the above results show that the solar cell modules of Examples according to the present invention are 
believed to exhibit high reliability in a long-term use. 

A solar cell module includes a substrate, a photo-electricity generating device (i.e., a solar cell or a block of solar 
cells), a filler resin sealing the photo-electricity generating device on the substrate, and a surface film covering the filler 
is resin. An insulating film is inserted between the photo-electricity generating device and the substrate so as to be inside 
the substrate, and an inorganic fibrous sheet is inserted between the photo-electricity generating device and the sur- 
face f 3m so as to be disposed inside the insulating film. The substrate is bent at a portion thereof free from the insulating 
film. The solar cell member thus provided can exhibit a long-term reliability for outdoor use because of effective sup- 
pression of intrusion of moisture thereinto. 

20 

Claims 

1. A solar cell module, comprising: a substrate, a photo-electricity generating device, a filler resin sealing the photo- 
electricity generating device on the substrate, and a surface film covering the filler resin; wherein 

25 

an insulating film is inserted between the photo-electricity generating device and the substrate so as to be 
inside the substrate. 

an inorganic fibrous sheet is inserted between the photo-electricity generating device and the surface film so 
as to be disposed inside the insulating film, and 
30 the substrate is bent at a portion thereof free from the insulating film. 

2. A solar cell module according to Claim 1 , wherein the inorganic fibrous sheet is disposed to cover an entire area of 
the photo-electricity generating device. 

35 3. A solar cell module according to Claim 1, wherein the filler resin and/or the surface film are disposed in a larger 
area than the substrate. 

4. A solar cell module according to Claim 1, wherein the inorganic fibrous sheet comprises non-woven glass fiber 
cloth. 

40 

5. A solar cell module according to Claim 1 , wherein the insulating film comprises a member selected from the group 
consisting of polycarbonate, polyethylene terephthalate, and nylon. 

6. A solar cell module according to Claim 1 , wherein an adhesive layer is inserted between the photo-electricity gen- 
45 erating device and the insulating film, and/or between the insulating film and the substrate, and the adhesive layer 

is disposed in an area smaller than that of the filler resins. 

7. A solar cell module according to Claim 1 , wherein said insulating film is provided with adhesive layers on both sur- 
faces thereof to form an integrated laminate film before its insertion between the photo-electricity generating device 

so and the substrate. 

8. A roofing member, comprising: a substrate, a photo-electricity generating device, a filler resin sealing the photo- 
electricity generating device on the substrate, and a surface film covering the filler resin; wherein 

55 an insulating film is inserted between the photo-electricity generating device and the substrate so as to be 

inside the substrate, 

an inorganic fibrous sheet is inserted between the photo-electricity generating device and the surface film so 
as to be disposed inside the insulating film, and 
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the substrate is bent at a portion thereof free from the insulating film. 

9. A roofing member according to Claim 8, wherein the inorganic fibrous sheet is disposed to cover an entire area of 
the photo-electricity generating device. 

5 

10. A roofing member according to Claim 8, wherein the filler resin and/or the surface fOm are disposed in a larger area 
than the substrate. 

1 1 . A roofing member according to Claim 8, wherein the inorganic fibrous sheet comprises nonwoven glass fiber cloth. 

10 

12. A roofing member according to Claim 8, wherein the insulating film comprises a member selected from the group 
consisting of polycarbonate, polyethylene terephthalate, and nylon. 

13. A roofing member according to Claim 8, wherein an adhesive layer is inserted between the photo-electricity gener- 
15 ating device and the insulating film, and/or between the insulating film and the substrate, and the adhesive layer is 

disposed in an area smaller than that of the filler resins. 

14. A roofing member according to Claim 8, wherein said insulating film is provided with adhesive layers on both sur- 
faces thereof to form an integrated laminate f Qm before its insertion between the photo-electricity generating device 

20 and the substrate. 

15. A process for producing a solar cell module, comprising: 

stacking a substrate, an insulating film, a solar cell, an inorganic fibrous sheet, a filler resin layer and a surface 
25 film in this order to form a stacked body, wherein said insulating film is disposed inside the edge of the sub- 

strate, and the inorganic fibrous sheet is disposed inside the edge of the insulating film, 
heating and pressing the stacked body to form a module in the form of an integral laminate sheet having an 
edge, and 

bending a portion along the edge free from the insulating film of the laminate sheet. 

30 

16. A process accorcfing to Claim 15, wherein an adhesive layer is included in the stacked body so as to be inserted 
between the photo-electricity generating device and the insulating film, and/or between the insulating film and the 
substrate, and the adhesive layer is disposed in an area smaller than that of the filler resin layer. 

35 17. A process for producing a roofing member, comprising: 

stacking a substrate, an insulating film, a solar cell, an inorganic fibrous sheet, a filler resin layer and a surface 
film in this order to form a stacked body, wherein said insulating film is disposed inside the edge of the sub- 
strate, and the inorganic fibrous sheet is disposed inside the edge of the insulating film, 
40 heating and pressing the stacked body to form a modulate in the form of an integral laminate sheet having an 

edge, and 

bending a portion along the edge free from the insulating film of the laminate sheet. 

18. An electricity generating apparatus, comprising a solar cell module and an inverter for converting an output of the 
45 solar cell module; 

wherein the solar cell module comprises a substrate, a photo-electricity generating device, a filler resin seal- 
ing the photo-electricity generating device on the substrate, and a surface film covering the filler resin; wherein 

an insulating film is inserted between the photo-electricity generating device and the substrate so as to be 
so inside the substrate, 

an inorganic fibrous sheet is inserted between the photo-electricity generating device and the surface film so 

as to be disposed inside the insulating film, and 

the substrate is bent at a portion thereof free from the insulating film. 

55 19. A roofing method, comprising: fixing a plurality of roofing members onto a roof sheathing by fixing means, and con- 
necting a pair of mutually adjacent roofing members; 

wherein each roofing member comprises a substrate, a photo-electricity generating device, a filler resin 
sealing the photo-electricity generating device on the substrate, and a surface film covering the filler resin; wherein 
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an insulating film is inserted between the photo-electricity generating device and the substrate so as to be 
inside the substrate, 

an inorganic fibrous sheet is inserted between the photo-electricity generating device and the surface film so 

as to be disposed inside the insulating film, and 

the substrate is bent at a portion thereof free from the insulating film. 

20. A ventilating apparatus, including a roof shiething, and a plurality of roofing members fixed onto the roof sheathing 
so as to form a space between the sheathing and the roofing members for introducing external air thereinto, and a 
path for introducing the air in the space into an inside of a building and/or a path for discharging the air in the space 
to an outside of the building; 

wherein each roofing member comprises a substrate, a photo-electricity generating device, a filler resin 
sealing the photo-electricity generating device on the substrate, and a surface film covering the filler resin; wherein 

an insulating film is inserted between the photo-electricity generating device and the substrate so as to be 
inside the substrate. 

an inorganic fibrous sheet is inserted between the photo-electricity generating device and the surface film so 

as to be disposed inside the insulating film, and 

the substrate is bent at a portion thereof free from the insulating film. 
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